We have obtained near-infrared adaptive optics imaging and collected additional radial velocity observations to search for a third component in the extremely dusty short-period binary system BD +20
INTRODUCTION
and Stencel & Backman (1991) first identified BD +20
• 307 = HIP 8920 (α = 01 h 54 m 50. s 34, δ = +21
• 18 22. 5 [2000.0] ) as a solar-type star with a very large near-infrared excess. Song et al. (2005) obtained infrared spectra in the 8-13 μm region that showed its strong silicate emission features. They concluded that the extremely large amount of warm dust around BD +20
• 307 likely resulted from the recent collisions of asteroids or planetesimals and suggested that the system was rather young with an age of ∼300 Myr.
Believing BD +20
• 307 to be a single star, Zuckerman et al. (2008) began obtaining X-ray, photometric, and spectroscopic observations to improve the age estimate of the system and thus constrain the epoch of planet formation. However, Weinberger (2008) discovered that the star is a 3.4 day, double-lined spectroscopic binary. Unfortunately, the fact that BD +20
• 307 is a short-period binary invalidates the use of X-ray and rotation period measurements to estimate its age. Zuckerman et al. (2008) concluded from the system's B − V color that the components of BD +20
• 307 are somewhat metal-poor relative to the Sun and that the lithium abundance difference between the two components indicates an age of one to several Gyr. Thus, they argued that the extensive amount of warm dust in the BD +20
• 307 system does not result from a very young star beginning the process of making planets, but rather comes from the recent collision of planets in a relatively mature main-sequence system. The disruption of the orbits of such planetary-sized objects might be caused by a third body. Indeed, according to the survey of Tokovinin et al. (2006) , short-period binaries are very likely to be systems of higher multiplicity.
In this follow-up paper we have used adaptive optics (AO) imaging and continued radial velocity monitoring to search for a third star in the system. The new spectroscopic observations have enabled us to improve the 3.4 day binary orbit. In addition, we have performed an abundance analysis of an echelle spectrogram to examine in a more rigorous way the conclusion that BD +20
• 307 has an iron underabundance. From that spectrum, we have determined lithium abundances for the two components and further consider the lithium difference discussed by Weinberger (2008) and Zuckerman et al. (2008) .
OBSERVATIONS

Adaptive Optics Imaging
On 2008 July 11, we obtained high angular resolution images of BD +20
• 307 with the Keck II telescope of the Keck Observatory using its AO system and the NIRC2 near-infrared narrow-field camera (McLean & Sprayberry 2003) in the Kp-bandpass, which is centered at 2.124 μm. No coronagraph was used for these observations. We have obtained one 1024 × 1024 (∼10 × 10 arcsec field) saturated image (2 co-adds of 30 s) and three 64 × 120 unsaturated images (50 co-adds of 5 ms).
Data reduction of the AO images was performed as follows: we first subtracted a dark image, then divided by a flat field, and next masked the bad/hot pixels. We then removed known NIRC2 narrow-field camera distortions using the Yelda et al. (2010) solution. The images were rotated by 0.
• 252 clockwise to put north up, and the plate scale was selected to be 9.952 ± 0.002 mas pixel −1 to be consistent with the distortion correction of Yelda et al. (2010) . After these steps, we registered the unsaturated images at the detector center and used their median and the integrated point-spread function core intensity to fluxnormalize the saturated images. The contrast curve as a function of angular separation was obtained by calculating the standard deviation in a small λ/D width annulus of increasing radius. Figure 1 presents the 5σ contrast profile, which is discussed in Section 3.1.
Optical Spectroscopy
From 2008 January to 2011 January, we collected 64 usable observations with the Tennessee State University 2 m automatic spectroscopic telescope (AST), fiber-fed echelle spectrograph, and a 2048 × 4096 SITe ST-002A CCD. The echelle spectrograms have 21 orders, covering the wavelength range 4920-7100 Å. Work done on the telescope-spectrograph system in early 2010 resulted in observations with improved signal-tonoise ratios after 2010 January. Before that date the spectra had a resolution of 0.17 Å, while afterward the resolution was decreased to 0.3 Å, enabling signal-to-noise ratios of ∼40 at 6000 Å to be obtained in these more recent observations. Eaton & Williamson (2004 , 2007 have given an extensive description of the telescope and spectrograph, situated at Fairborn Observatory near Washington Camp in the Patagonia Mountains of southeastern Arizona, and its operation.
During 2008 and 2009, we acquired five red wavelength observations of BD +20
• 307 with the Kitt Peak National Observatory (KPNO) coudé feed telescope, coudé spectrograph, and CCD detectors. In 2008 September, we obtained two spectrograms with the KPNO T1KA CCD. Those observations are centered at 6400 Å, cover a wavelength range of 172 Å, and have a resolution of 0.34 Å. One year later, we acquired three additional spectra with the KPNO TI5 CCD. Those spectrograms are centered at 6430 Å, cover a wavelength range of 84 Å, and have a resolution of 0.21 Å. The spectra have signalto-noise ratios of about 100.
In 2008, we obtained three echelle spectra at Lick Observatory with the Shane 3 m telescope and Hamilton echelle spectrograph (Vogt 1987) . The spectra cover the wavelength range 3810-7900 Å at a resolution of typically 0.17 Å in the red region of the spectrum (resolving power 38,000). One of the spectra was acquired specifically for an abundance analysis and was not measured for radial velocities. Zuckerman et al. (2008) discussed the reduction and velocity measurement of the Fairborn Observatory AST echelle spectra. The KPNO radial velocities were determined with the IRAF cross-correlation program FXCOR (Fitzpatrick 1993) . Two International Astronomical Union radial velocity standard stars, β Vir and 10 Tau, having adopted velocities of 4.4 and 27.9 km s −1 (Scarfe et al. 1990 ), respectively, were used as crosscorrelation reference stars. Reduction of the Hamilton echelle spectra with IRAF tasks has been discussed in detail in Lick Technical Report No. 74. 9 Briefly, the stellar spectra have been bias subtracted, flat-fielded, extracted, and finally wavelength calibrated with Th-Ar emission line comparison spectra. Radial velocities of the Lick Observatory spectra were determined by cross-correlation with HD 9224 used as the standard star. From Nidever et al. (2002) , we adopted a velocity of 14.9 km s −1 for the standard. Table 1 lists the heliocentric Julian dates of the 71 spectra that were measured for radial velocities and gives the velocities of the primary and secondary components.
SEARCH FOR A THIRD COMPONENT
Adaptive Optics Imaging
As noted previously, Figure 1 shows the 5σ contrast profile for BD +20
• 307. Unfortunately, our data are saturated at angular separations of less than 0. 2. For a given separation that profile shows the minimum brightness of an object that could be seen relative to the primary. The reanalyzed Hipparcos parallax (van Leeuwen 2007) gives a distance of 96 ± 12 pc from the Sun, and so the angular separation of 0. 2 corresponds to a linear projected separation of 19 AU where it is possible to search for a third component. At a projected separation of ∼45 AU a late-M dwarf would have been found, while at larger projected separations of 75-95 AU (for 1 and 5 Gyr, dusty models; Chabrier et al. 2000) , we would have detected a star of any mass, right down to the stellar/brown dwarf boundary. At ∼200 AU or greater, we can detect a brown dwarf that is less than 40-60 Jupiter masses (again for ages of 1 and 5 Gyr). There is no evidence for any of those companions in our image. 
Radial Velocity
We also searched for evidence of a third component by examining all our available radial velocities, which cover a longer time span and are much more extensive in number than those discussed by Zuckerman et al. (2008) . We now have acquired four seasons of velocities, obtained primarily from Fairborn Observatory, but also including several velocities from KPNO and Lick Observatory. Using the orbital analysis programs described by Zuckerman et al. (2008) and the weights that they assigned to the component velocities, we initially obtained four double-lined circular orbit solutions, one for each season. The center-of-mass velocities of those orbits are very similar. However, because of the 2 m telescope system throughput improvements, which occurred in our third observing season, the Fairborn velocities that were obtained during the third and fourth seasons are more precise. So, we combined the data from our first and second seasons and computed two circular orbit solutions, one for the primary and the other for the secondary. We similarly combined the data from the third and fourth seasons and obtained two more orbital solutions. The variances of those solutions resulted in weights for the primary velocities of 0.2 for the first two seasons and 1.0 for the last two seasons. Similarly, for the secondary the weights are 0.2 and 0.6, respectively. The appropriate weight for each individual velocity is listed in Table 1 . With the weighted velocities, we once again obtained double-lined circular orbit solutions for each of the four observing seasons. Our results are summarized in Table 2 , which lists the number of observations in each of the four seasons, the Julian date range, and the centerof-mass velocity plus its uncertainty.
In addition to our velocities, there are two other sets that were obtained at earlier epochs. The first consists of a lone single-lined velocity measured by Song et al. (2005) . The second set, only slightly more extensive, contains velocities from the three spectra of Weinberger (2008) . Those six radial velocities, obtained nearly 100 days before the start of our own observations, result in a center-of-mass velocity of −8.4 km s −1 , a value that is 4 km s −1 more positive than our average systemic Primary RV (km s −1 ) −3.6 ± 0.8
velocity. Taken at face value, the large velocity shift over such a short period of time argues for a third component in an orbit with an extremely high eccentricity of 0.9 or greater. The alternative possibility is that the velocity shift is spurious. Observatory zero-point differences often have been found to be in the 1-2 km s −1 range (e.g., Harper 1932), while more modern results usually agree to better than 1 km s −1 (e.g., Scarfe et al. 1990; Nordström et al. 1994 ). Such differences may arise from a variety of factors, including the spectrograph system and temperature and mechanical flexure effects, as well as the reduction method.
In the velocity reduction of Weinberger (2008) the three spectra, obtained with the Magellan Inamori Kyocera Echelle (MIKE) spectrograph on the Magellan II telescope, were wavelength calibrated with the use of a ThAr spectrum that had been taken far in time from the stellar observations, and so velocity offsets resulting from internal instrumental drifts were not removed. To solve this problem, in our new reduction we have cross-correlated the spectral region of the oxygen B band, 6884-6909 Å, in all our spectra and removed the velocity offset measured there from all other echelle orders. In addition, instead of using a theoretical stellar atmosphere model as the radial velocity template, we have used another star, HD 197076, which was observed on 2007 October 23 and thus earlier in the same night as the first of the three BD +20
• 307 MIKE observations. We used this G5V star as a radial velocity standard, adopting a velocity of −35.4 km s −1 (with an uncertainty <0.1 km s −1 ) from Nidever et al. (2002) . We cross-correlated the BD +20
• 307 data on each of three nights (2007 October 24-26) against this reference star, using IRAF's FXCOR task to deblend the binary components of the correlation peaks. Table 3 is a corrected version of Table 2 from Weinberger (2008) and lists our remeasured velocities. The new reduction produces an orbit with a systemic velocity of −12.3 km s −1 , which is nearly 4 km s −1 more negative than the initially reported value. That newly computed systemic velocity plus the velocity of Song et al. (2005) are both listed in Table 2 . Figure 2 is a plot of the six center-of-mass velocities versus their Julian date mid-epochs. The systemic velocities for our four observing seasons have uncertainties of 0.2 km s −1 or less and result in a weighted average of −12.38 ± 0.03 km s −1 . They show no evidence of orbital motion about a third body. The newly determined center-of-mass velocity from the MIKE spectra of Weinberger (2008) is also in excellent agreement. The single velocity of Song et al. (2005) is a measurement of blended component lines that are somewhat unequal in strength and so may be a bit biased. Nevertheless, it is consistent with our weighted average systemic velocity. Thus, the radial velocities, acquired to date, provide no evidence for orbital motion about a third body.
SHORT-PERIOD SPECTROSCOPIC ORBIT
Our center-of-mass velocities for the past four seasons (Table 2) show no evidence of any significant velocity change. Thus, we have used our individual velocities, measured from the Fairborn Observatory, KPNO, and Lick Observatory spectrograms and weighted as discussed above, to obtain an improved circular orbit for the 3.4 day binary. Table 4 compares our new circular orbital elements and related parameters to the earlier one of Zuckerman et al. (2008) . For a circular orbit the element T, a time of periastron passage, is undefined. So as recommended by Batten et al. (1989) , T 0 , a time of maximum velocity of the primary, is given instead. The uncertainties of most of the parameters are improved by a factor of two or more. In Figure 3 , the observed velocities are compared with the computed velocity curves. For completeness sake, we mention that allowing the eccentricity to vary results in a solution with an extremely small eccentricity value of 0.0058 ± 0.0019.
ABUNDANCE ANALYSIS
We analyzed the Lick Observatory echelle spectrum of BD +20
• 307 that was obtained on 2008 August 14, which has a Table 4 ).
signal-to-noise ratio of typically 120-200 per pixel, depending on wavelength. Lines were selected for measurement in the wavelength region 5000-7000 Å. BD +20
• 307 was observed near quadrature with a velocity difference of ∼87 km s −1 , which leads to blending of many primary and secondary features. Therefore, the line lists for the primary and secondary stars differ. Lines that overlap with stellar features of the companion star, lines that are strongly blended within the spectrum of a single star, and lines that do not lie on the linear part of the curve of growth (reduced width >−4.5 after correction) were not considered in our line lists. The lists include ∼40 Fe i lines and between 1 and 21 lines for the other elements. The excitation potentials (EPs) were taken from Thevenin (1989 Thevenin ( , 1990 , and log gf values were estimated from Procyon (F5V), which has an effective temperature that is close to those of the stars considered in this study. Equivalent widths (EWs) were measured interactively with the IRAF splot package, in which multiple Gaussian functions can be used to account for possible blends. Because the EWs were determined relative to the combined continuum, the measured EWs must be corrected to the true stellar continuum with the ratio of the fluxes of the two stars. The flux ratio found by Weinberger (2008) yields correction factors of 1.709 and 2.387 for the primary and secondary, respectively. 
Model Atmosphere Parameters
The local thermodynamic equilibrium (LTE) model stellar atmospheres were obtained from interpolation within the ATLAS9 (Castelli et al. 1997 ) grid of non-overshoot models with an interpolation program provided by I. Ivans (2004, private communication) . The initial models were generated with a solar metallicity as a starting point, but once the Fe i abundance was determined, a new model was generated with a metallicity of [m/H] = 0.10.
The effective temperatures for the primary and secondary (6500 and 6250 K, respectively) were taken from Weinberger (2008) , who compared the spectrum of BD +20
• 307 with synthetic spectra. Given masses between 1.2 and 1.3 M (Weinberger 2008) and the above effective temperatures, we adopted a surface gravity of log g = 4.60 and 4.75 for the primary and secondary stars, respectively. The temperature values are confirmed in Figure 4 , which shows the derived [Fe/H] abundance from each Fe i line measured in the spectrum. The absence of any dependence of derived abundance on EP indicates that the adopted temperatures are appropri- ate for both the primary and secondary components. Our adopted surface gravities differ from the value log g = 5.0 that was adopted by Weinberger (2008) but provide a good match between abundances derived from Fe i and Fe ii lines. We estimated microturbulence velocities of v t = 1.65 and 1.50 km s −1 for the primary and secondary stars, respectively, that result in no trend between the derived Fe i abundance and the reduced EW. Atmospheric parameters are summarized in Table 6 .
Abundance Determinations
Detailed model atmosphere analysis was used to determine chemical abundances for Na, Mg, Si, Ca, Ti, Cr, Mn, Fe, Co, and Ni with the abfind driver in the LTE spectral analysis code MOOG (Sneden 1973 (Sneden , 2010 . Abundances have been determined relative to Procyon, adopting log gf values that reproduce the solar abundances of this star. EWs were measured from the Procyon Atlas (Griffin 1979) , and the non-overshoot Kurucz atmosphere model was generated with the following stellar parameters: T eff = 6500 K, log g = 4.00, [Fe/H] = 0.00, and v t = 2.1 km s −1 , which are in agreement with Steffen's (1985) values. The systematic difference between our adopted log gf values and the values presented in Thevenin (1989 Thevenin ( , 1990 ) is only 0.03 dex (in the sense (this paper − Thevenin)) with an rms of 0.17 dex.
Li i abundances were determined by comparing the observed spectrum with a synthetic spectrum, which consists of a combination of both primary and secondary stellar synthetic spectra, that was created with the binary driver (MOOG; 2010 version). The line list for the Li i λ6707 feature, which is a doublet with both isotopic and hyperfine splitting that is blended with an Fe i line, was taken from Reddy et al. (2002) . Table 7 presents our LTE abundances relative to Procyon for both components. Also listed for the primary and secondary is the number of lines used for each element and ionization stage. Because of blending problems, we were unable to determine abundances for Na i and Mg i in the primary and Cr ii in the secondary. In the final column, a mean of the primary and secondary σ values is listed. This is a representative value for the uncertainty in a given abundance determination. The metallicity of both stars appears to be slightly supersolar, with Fe abundances for the primary and secondary stars of [Fe/H] = 0.15 ± 0.11 and 0.16 ± 0.13, respectively, based on the strong agreement of 43 and 37 Fe i lines. The total uncertainty in the metallicity is calculated as described below. Additionally, the abundances of most other measured species are either solar or slightly supersolar. The Cr i and Cr ii abundances and Ti i and Ti ii abundances for the primary star show an unexpected difference, but in both cases the abundances are based on only two or three lines. With the exception of these two anomalous results, the abundances of most other measured species are in excellent agreement between both stars, supporting the adopted stellar atmosphere parameters. features. The solid line shows the best fit for the Li abundances of the primary and secondary stars, log (Li) = 2.72 and 1.46, respectively. Because of the weakness of the secondary line, we consider the latter value to be an upper limit. The dotted lines show fits that differ by ±0.05 dex from the adopted abundance fit to the primary line, while the dashed lines differ by ±0.1 dex from the adopted fit to the secondary. Note. a For lithium, the quantity shown is log (Li). Weinberger (2008) noted the difference in the Li i λ6707 line strength in the two components of the binary, with a relatively strong feature in the primary spectrum and a limit of <6 mÅ in the secondary spectrum. Spectral synthesis of the Li λ6707 region ( Figure 5) indicates that the Li abundance of the primary star is log (Li) = 2.72, and the upper limit to the Li abundance in the secondary is log (Li) = 1.46. The lithium abundances are also given in Table 7 .
Results and Error Analysis
Uncertainties due to errors in atmospheric parameters were estimated by increasing T eff , log g, and v t , one parameter at a time, while the other two parameters were kept fixed, and the total uncertainty was obtained adding individual uncertainties in quadrature. The uncertainty in T eff is estimated to be 100 K based on changes with temperature in the slope of the derived abundance versus EP plot. The uncertainty for log g in both stars was obtained by modifying its value until the Fe i and Fe ii abundances differed by 0.10 dex; the uncertainty for v t was obtained by modifying its value until the Fe i abundance differed by 0.1 dex between typical weak and strong lines. Table 8 presents the individual model dependencies for each element typical of both stars. For some species, the uncertainty in T eff dominates the total uncertainty, while uncertainties for other species are dominated by errors in log g, microturbulence, or Note. a Uncertainty results from the change of parameter given in Table 8 .
line measurements. The uncertainty in Fe i is typically ∼0.1 dex for both stars. Fe i is a minority species in stellar atmospheres with T eff > 4500 K, and it can deviate from LTE due to overionization, which means that non-LTE (NLTE) abundance corrections can be important. Fortunately, according to Mashonkina et al. (2011) , NLTE corrections for Fe i are small (<0.1 dex) and for Fe ii are insignificant (∼0.02 dex) in solar metallicity stars. Therefore, our iron abundance determinations are not affected by LTE departures.
The total uncertainty for each Li abundance depends on the uncertainties in atmospheric parameters and the uncertainties related to matching the synthetic spectrum to the observed one. The sources for the latter are fitting, smoothing, and continuum uncertainties. The fitting uncertainty is identified as the minimum noticeable difference that appears when the Li abundance is modified after the best fit that matches the observed spectrum is obtained. The smoothing uncertainty arises when matching the resolution of the data by smoothing the synthetic spectrum with Gaussians. The FWHM measurement of the synthetic spectrum has an uncertainty of 0.03, which propagates into the total abundance uncertainty. The continuum uncertainty arises from the uncertainty in the placement of the continuum. For both components, Table 9 lists each individual uncertainty and the final addition in quadrature of those values, the total uncertainty.
DISCUSSION
Third Component
Our near-infrared AO image shows no evidence of a third component at separations of 19 AU or greater. Our radial velocity data, which are sensitive to smaller separations out to perhaps 5 AU, likewise give no evidence for the existence of a third component. However, because the separations covered by the two types of data do not overlap, a third body orbiting the short-period binary might have been missed. Thus, using Kepler's third law, we explore the kinds of long-period orbits that could have avoided detection by our observations to date. We first estimate the total mass of the possible three-body system because for a given period of the supposed long-period orbit, the mass of the third component has only a modest effect on the long-period separation. The temperature of the shortperiod primary corresponds to a dwarf of mass 1.3 M (Table  B1, Gray 1992) , which with our mass ratio produces a mass of 1.22 M for the secondary, making a total binary mass of 2.52 M , the minimum for a possible triple system. A mass of 0.9 M corresponds to a late-G dwarf and is the upper limit to Note. a a L is the semimajor axis of the long-period orbit.
the mass of a supposed third component because such a star would be bright enough for us to detect its absorption lines in our spectra. While increasing the mass of the third component from 0.01 to 0.9 M raises the total mass of the proposed triple system from 2.53 to 3.42 M , this change results in only an 11% increase in the semimajor axis of the long-period orbit. For a representative set of orbital solutions, we adopt a third component mass, M 3 , of 0.1 M , which makes the system's total mass 2.62 M . Varying the orbital period from 5 to 500 yr then produces the semimajor axes of the long-period orbits, a L , and the associated apastron and periastron distances for specific eccentricity values of 0.3, 0.5, and 0.9, all of which are summarized in Table 10 . Zuckerman et al. (2008) explained the unusually high infrared flux of BD +20
• 307 as an extremely large amount of warm dust and interpreted it as the aftermath of a recent collision of two planet-mass objects. Recently, Weinberger et al. (2011) estimated a lifetime of ∼80,000 yr for the dust. They also attempted to match a Spitzer 5-37 μm infrared spectrum of BD +20
• 307 with a model of dust that is composed of four types of particulates. The adopted fit adequately represents the spectrum and most of its major emission features if the dust is situated at a distance of 0.85 AU from the center of the binary orbit. This distance is much larger than the close binary separation of 0.06 AU (Weinberger 2008) . From Table 10 , a 10 yr long-period orbit with an eccentricity of 0.9 has a periastron separation of 0.6 AU, a value that is similar to the semimajor axis of the dust particles that result from the rocky body collision(s) in the system. Such a close encounter makes it difficult to believe that planets could have stable orbits over the 1 Gyr lifetime of the system. Smaller eccentricities of 0.5 and 0.3 increase the periastron distance to 3.2 and 4.5 AU, respectively, corresponding to distances from the binary that are only 4-5 times greater than that of the dust. These results and the four seasons of constant center-of-mass velocity suggest that any long-period orbit likely has a period greater than 10 yr. For a period of 50 yr, the semimajor axis is similar to the minimum separation detectable in our near-infrared AO image, while for most 500 yr orbits, the separations are so large that a possible third component should have been detected. While we have found no evidence of a third component, these results indicate that our current combination of radial velocities and imaging cannot eliminate most orbits with periods ranging from 10 to perhaps a few hundred years.
Age of the BD +20
• 307 System
Because BD +20
• 307 is a short-period binary, it is not possible to use its rotation period or X-ray flux to estimate the age of the system because both are compromised by the forced rapid rotation of the close binary. The lithium abundances of the components, compared to those of stars in open clusters of known age, are another potential way to estimate the system's age. This is because in stars with convective outer atmospheres the surface lithium is moved to the stellar interior where it is destroyed at relatively low temperatures. However, various studies (for a review, see Randich 2010) have shown that lithium depletion in late-type stars is not just a function of age and mass but depends on at least one other parameter. Stellar models that include additional physics such as rotationally induced mixing, magnetic fields, gravity waves, and angular momentum redistribution have been developed (see, e.g., Sestito & Randich 2005; Schuler et al. 2011 ), but none have been completely successful in explaining the full variety of lithium abundances.
Based on the effective temperatures and log g values of our abundance analysis, the short-period binary components are a mid-and a late-F dwarf (e.g., Table B1 (Table 7) . Because of the similarities of the two components, we would expect their lithium abundances to be nearly alike as well, unless the hotter star is in the "lithium dip," the name given to a large decrease in the lithium abundance that occurs in a very narrow temperature range, corresponding to early-and mid-F dwarfs. Instead, in BD +20
• 307 it is the lithium abundance of the late-F secondary that is very low.
The system's components avoid the pitfall of being in the center of the lithium dip, which is centered at about 6650 K for stars in the Hyades cluster (Boesgaard & Tripicco 1986 ). This relatively young cluster has an age of 0.625 Gyr (Perryman et al. 1998 ) and an average iron abundance of [Fe/H] = 0.13 (Paulson et al. 2003) , which makes it somewhat iron rich relative to the Sun but very similar to the components of BD +20
• 307. The temperature of BD +20
• 307's primary component lies on the cool side of the lithium dip, and its abundance of log (Li) = 2.72 is consistent with the abundances of Hyades stars at the same temperature and mass but also not much greater than the value for the intermediate-age (1.8 Gyr; Daniel et al. 1994) open cluster NGC 752 (Balachandran 1995; Anthony-Twarog et al. 2009 ). Sestito et al. (2004) have concluded that metallicity variations of about ±0.2 do not affect lithium depletion for clusters older than the Hyades.
Several open cluster studies (Thorburn et al. 1993; Barrado y Navascués & Stauffer 1996; Barrado y Navascués et al. 1997) have shown that synchronously rotating short-period binaries have lithium abundances that are significantly above the mean trend for single stars. These results suggest that the lithium abundances of BD +20
• 307 are enhanced. If true, then the abundance of the primary argues for an age greater than that of the Hyades cluster and probably at least 1 Gyr old.
The secondary star is just 250 K cooler than the primary and lies in the temperature range between the lithium dip and the region of classic lithium depletion that begins in early-G dwarfs. In the late-F dwarf temperature range, the lithium abundance remains relatively high, even in old open clusters (e.g., Sestito & Randich 2005) . If the primary's lithium abundance is enhanced, that of the secondary would be expected to be similar or perhaps even larger in value because that star is situated completely outside the lithium dip region. For example, at the temperature of the secondary, close binaries in the Hyades have log (Li) > 3.0 (Barrado y Navascués & Stauffer 1996). However, instead of a similar abundance, the lithium line of the secondary is so weak that we have only been able to determine an upper limit of log (Li) = 1.46. Such a low lithium abundance in the secondary is well below the values observed in stars of comparable temperature in NGC 752 and even M67 (age = 4 Gyr; Demarque et al. 1992) , which have lithium abundances of about log (Li) = 2.65 and 1.9, respectively (Sestito & Randich 2005) . The value for M67 is for its lithium-poor stars as discussed below. Thus, even an advanced age cannot completely explain the low lithium abundance in the secondary star.
While late-type main-sequence stars in many well-studied open clusters (e.g., the Hyades, NGC 752, NGC 3680) show a tight correlation between lithium abundance and effective temperature or its proxies such as B − V or mass, the stars in a small number of clusters, of which M67 is perhaps the beststudied example, show a significant spread in lithium at a given temperature. In the case of M67, 30%-40% of the analyzed stars are lithium poor by a factor of 10 or more relative to the rest, the latter stars being characterized as lithium rich (Pasquini et al. 1997; Jones et al. 1999) . However, even when compared to the lithium-poor stars of similar temperature in M67, the lithium abundance upper limit of BD +20
• 307's secondary is unusual in its low value. NGC 6253, having an age of 3 Gyr, is the youngest cluster with a significant number of lithium-poor stars (Randich 2009 ). Thus, if the lithium abundance upper limit of the secondary is taken at face value, it suggests that BD +20
• 307 may be 3 Gyr or older. Indeed, with an upper limit of 1.46 the secondary's lithium abundance may be similar to that of the Sun, which has log (Li) = 1.1 (Grevesse & Sauval 1998) .
From a study of numerous open clusters, Randich (2009) has concluded that a high lithium abundance provides only a lower limit to a star's age, while a low lithium abundance, similar to that of the Sun, denotes an old age and in some cases indicates that another parameter besides age and mass enhances the lithium depletion. Although a specific age cannot be assigned to BD +20
• 307, it is likely to range from one to several Gyr, as suggested by both Weinberger (2008) and Zuckerman et al. (2008) , and the system may even be as old as the Sun. Zuckerman et al. (2008) argued that the extensive amount of warm dust in the BD +20
• 307 system does not result from a very young star beginning the process of making planets, but rather comes from the recent collision of asteroids or perhaps planetsized objects in a relatively mature main-sequence system. Several studies (e.g., Israelian et al. 2009; Gonzalez et al. 2010) have concluded that among solar analogs, stars with planets have enhanced lithium depletion compared to similar temperature stars without planetary systems. A system that would seem to support this claim is the solar-like pair 16 Cyg A and B, which have a common proper motion. Component B hosts a giant planet (Cochran et al. 1997) , while component A has no detectable planetary companion. A recent detailed abundance analysis of the pair (Schuler et al. 2011) found the two stars to differ by only 43 K in effective temperature and to have essentially identical abundances for 15 elements. However, the lithium abundances of these two stars differ by a factor of at least 4.5. Schuler et al. (2011) concluded that the rather different lithium abundances in the two very similar stars likely were caused by rotationally induced mixing and differences in angular momentum history and noted the theoretical work of Bouvier (2008) in support of their scenario. The formation of a massive planet in 16 Cyg B requires a disk with a lifetime long enough to support planet formation. This would allow more time for star-disk interactions to slow the star, and according to Bouvier's theory, slow rotators are expected to deplete more lithium than fast rotators.
While this result might lend credence to the very low lithium abundance of the BD +20
• 307 secondary, it does not explain the much higher abundance of the primary. Although the components of BD +20
• 307 are hotter and have a larger temperature difference than 16 Cyg A and B, the short orbital period of 3.4 days for BD +20
• 307 argues that any circumstellar disk would have to be circumbinary, and so any planetary system would have to orbit both stars, as appears to have been the case (Song et al. 2005) . Its effects, as discussed above, should be similar for the two components. However, in the case of BD +20
• 307, the stars differ in lithium abundance by a factor of at least 18, much greater than that of 16 Cyg A and B. We also note that the claim of lower lithium abundances in planet-host stars has been countered by other studies (e.g. Luck & Heiter 2006; Baumann et al. 2010 ) that have concluded that there is no difference in the lithium abundance trends for the two groups of stars, those with and those without planets. Thus, there is no consensus on the observational results needed to support the theory.
As discussed by Thorburn et al. (1993) and Barrado y Navascués et al. (1997) , obtaining lithium abundances of double-lined binaries is a much more complicated process than that for single stars because of the presence of the secondary's spectrum; thus, the lithium abundances of the components in such binaries are not often determined. Perhaps the most extensive analysis of lithium abundances in double-lined systems is that of Barrado y Navascués et al. (1997) , who examined 41 dwarf and subgiant chromospherically active binaries. Most were single lined, but in their sample we identify three doublelined short-period binaries with F-and/or G-dwarf components, making them similar to BD +20
• 307. However, unlike BD +20
• 307, in each of those cases the two binary components have similar lithium abundances.
Although a field star with at best a poorly determined age, BD +20
• 307 is a short-period, synchronously rotating binary with coeval stars. Thus, the extremely different lithium abundances in very similar components with relatively thin outer convection zones put significant constraints on any third parameter that affects those abundances. Although various suggestions as to the nature of the additional parameter have been offered, it has so far defied identification despite a substantial increase in the number of open clusters with measured lithium abundances (Randich 2010 ) that are available for comparison with theory.
CONCLUSIONS
With AO imaging and high-resolution spectroscopy we searched for a tertiary companion of the dusty close binary BD +20
• 307. As discussed in earlier papers, the warm dust is likely the aftermath of the collision of rocky bodies in the terrestrial planet zone around the 3.4 day binary. For separations of 19 AU and greater, there is no evidence for a tertiary companion in the AO image. The brightness contrast is such that we can eliminate a third star with a mass as low as 0.1 M at projected separations of 45 AU, while at separations greater than ∼200 AU even companions below 40-60 Jupiter masses are eliminated. Our radial velocities, covering four seasons, also produce no evidence for a third component, and with them we have determined an improved circular orbit with a period of 3.42008 days. Earlier velocity observations at two different epochs also are consistent with our systemic velocity. However, the separations covered by our imaging and radial velocities do not overlap.
Thus, using Kepler's third law, we have explored the parameter space to determine what kind of long-period orbits might have avoided detection by our observations to date. Given that the observable separation may be foreshortened because of the orientation of the orbit, our combination of radial velocities and imaging cannot eliminate most orbits with periods ranging from 10 to perhaps a few hundred years. Confirmation or rejection of a possible third component in that period range will require more sensitive future AO observations and additional seasons of radial velocity monitoring.
From an abundance analysis of an echelle spectrum, the shortperiod mid-F dwarf primary and late-F dwarf secondary have [Fe/H] = 0.15 and 0.16, respectively, and so are somewhat metal-rich relative to the Sun. Those values are very similar to iron abundances found for Hyades cluster stars. The lithium abundance of the primary is log (Li) = 2.72, while that of the secondary is an upper limit, log (Li) = 1.46. When compared to the lithium abundances of stars in open clusters of known age, the values do not produce a consistent age but suggest that the system is at least 1 Gyr old and could be as old as the Sun.
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